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PREFACE

The U.S. Department of Transportation (DOT) aeronautical test

program entitled “Air Traffic Control Experimentation and Evalua-

tion with the NASA ATS-6 Satellite” was part of the Integrated

ATS-6 L-Band Experiment. The overall ATS-6 L-band experiment was

coordinated by the NASA/Goddard Space Flight Center (GSFC) and

was international in scope. The following agencies were partici-

pants in the experiment: NASA/Goddard Space Flight Center; DOT!

Federal Aviation Administration ; DOT/Transportation Systems Center;

DOT/U.S. Coast Guard; DOC/Maritime Administration ; European Space

Agency (ESA) ; and the Canadian Ministry of Transport and Depar t-

ment of Communications . Each partici pant performed tes ts in one

or more of three categories ; aeronautical , maritime safe ty, and

maritime fleet operations . All tests were conducted in accordance

with an overall integrated test plan coordina ted by NASA/C,SFC.

The U.S. DOT Aeronautical test program was under the direction
and sponsorship of the Federal Aviation Administration , Systems
Research and Development Service (SRDS) , Satellit .~ Branch ,
Mr. F. S. Carr , Chief. DOT/TSC conducted the technology tests ,
Mr. R.G. Bland , project engineer and FAA/NAFEC conducted the ATC

demonstration tests , Mr. F.W . Jefferson , project engineer. Other
key DOT/FAA personnel were Mr. V.E. Foose for the technology tests
and Mr. R.J. Hilton for the ATC demonstration tests. The tech-
nology tests included multipath channel characterization , modem

evaluation , and aircraft antenna evaluation. Results of these
tests are presented in Volumes III through VII , and the results
of the ATC demonstration tests are presented in Volume II.
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1. I N T R O D U C T I O N

The U.S. Dep artment of Transportation , Federal Aviation

Administration (FAA) , pursuing national policy in concert with

international organizations , during the 1974-1975 period con-

ducted a series of technical and demonstration tests with the

NASA App lied Technology Satell ite , ATS -6 , as a participant in

the integrated L-Band experiment. The general obj ectives of

this activity are contained in FAA program plans for the develop-

ment of Air Traffic Control (ATC) systems utilizing satellite

techniques of communication and surveillance. The objectives

of these  expe r imen t s f a l l  i n t o  two m a j o r  c a t e g o r i e s :

a. Technology data  base and e q u i p m e n t  d e v e l o p m e n t ;

b .  Sys tem demons t r a t i on of o p e r a t i o n a l  c o n c e p t s .

The Internationa l Civil Aviation Organization (ICAO) and the

Inter-Governmental Maritime Consultative Organization (IMCO) , both

membe r o r g a n i z a t i o n s  of the  U n i t e d  N a t i o n s , have encouraged
p a r t i c i p a t i o n  in the ATS- 6 L-Band  E x p e r i m e n t . The FAA was j o i n e d
by the  European Space Agency (ESA ) ( f o r m e r l y  European  Space
Research  O r g a n i z a t i o n , ESRO) and the C a n a d i a n  ‘l i n i s t r y  of Trans-
por t for  the civ il avia t ion exper imen ts. I n the mar iti me sec tor ,
the  U . S .  Coast  Guard (IJSCG) , the FAA and the European  Space  Agenc y
conduc ted search and rescue demonstrations as well as L-Band voice

and data  s a t e l l i t e  communica t ions  t e s t s .

D u r i n g  the past  decade , the FAA has conduc ted  va r i ous  sa t e l -
l i t e  communica t ions  s tud ie s  and t e s t s  in support  of Ocean ic  and
Continental (CONUS) Air Traffic Control (ATC) systems . Currently

the FAA , ESA and Canad a are developing coordinated test plans for

the aeronautical satellite program , AEROSAT. This program is

designed to test alternative ATC techniques and operational

procedures for a future satellite based oceanic communicat ions

sys tem .

1
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The L-Band c o m m u n i c a t i o n  sys tem p rov ided  by the  NASA ATS-6

s a t e l l i t e  c o n s t i t u t e d  a un ique  o p p o r t u n i t y  to  e x p e r i m e n t a l l y  t e s t ,
deve lop , and demons t ra te  s a t e l l i t e  t e c h n o l o g y  f o r  the oceanic .\TC

sys tem a p p l i c a t i o n s , as wel l  as conduct channel  p r o p a g a t i o n
i n v e s t i ga t ions  for  the CONUS ATC concepts of the futuie.

The FAA s a t e l l i t e  communica t ions  and s u r v e i l l a n c e  e x p e r i m e n t s
were conducted under the leadersh ip of the Systems Research and
Development Service (SRDS) with the direct support of the Trans-

portation Systems Center (TSC) for the technology tests , and

the National Aviation Facilities Experimental Center
(NAFEC) for the demonstration tests. In addition , several private

companies and organizations provided support for the various test

phases and activities of the FAA ATS-6 L-Band experiment .

The FAA program plans for the L-Band ATS- 6 experiment called

for a set of technical and demonstration obj ectives as follows:

1. Acquire propagation data to investi gate multipath over

the ocean and over the continental United States.

2. Evaluate parametrically the performance of various

avionics components including voice , data and rang ing

modems , and aircraft antennas .

3.. Demonstrate and evaluate operational methods and concepts

pertaining to the introduction of satellites in the

oceanic ATC environment.

The test data , detailed analysis , and the evaluation of the

results are contained in Volume s II through VII , and are descr i bed
in outline form in this volume , wh ich also contains the accomplish-

ments and conclusions for the whole report.

The FAA ATS-6 experimental program has provided a substantial

technology data base for use in the desi gn and planning of aero-

nautical satellite systems for both oceanic and CONUS ATC applica-

t ion. Equipment designs have been tested and validated , demon-

stration of satellite-based air traffic control procedures for

2
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ocean ic use have been carri ed out , and special-purpose test equip-

ment and techniques have been developed for use in future CONIJ S

ATC concep t experiments . Thus , the program has succe ssfuflv pro-

vided a solid technical and operational foundation for future

developments in satellite-aided ATC systems.

L~ A .  ~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2. BACKGROUND

2.1 CURRENT OCEANIC COMMUNICATION S

A “communication gap t’ exists between enroute aircraft in

oceanic airspace and continental ATC facilities. Aircraft flying

near the coast make use of line-of-sight very hig h frequency
(VHF) communications , and extended range VHF communications work-
ing out to less than 400 miles. F l igh ts in nea r ly  a l l  ocean ic
areas rely on HF frequencies w ith less rel iable commun icat ions
wh ich are not direct pilot-to-controller but are relayed through

intermediate stations from pilot-to-communications specialists-to -
controller , creating unwanted delays. The aeronautical communica-

tion system in use over the Atlantic is depicted in Figure 2-1 ,
which also indicates the organized fli ght tracks dictated by the

present system . The majority of air-ground communications in the

over-ocean message traffic are position reports from the airplane

to the ground . These reports are required because there is pre-

sently no surveillanc e system available over the ocean. The oce-

an ic ATC system makes use of widely spaced planned tracks across
the ocean , large separa tion times between aircraft as they enter

— the track , and periodic reports by the on-board air crew as they

pass certain check points along the track. Navigation and neriodic

renortin~ of vosition to ATC is dependent strictly on the perfor-

mance of the on-board crew and equipment. In this situation , there

is no mechanism whereby gross navigation error, human oversight ,

or gradual equipment signal drift can be detected . This can lead

to the situation where the aircraft believes itself to be on course

and reports accordingly , but is gradually encroaching on another

track. As air traffic increases , it will be necessary to provide

additional ATC system capacity by a reduction of separation stan-

dards to avoid flight delays and avoid fuel-wasteful/ uneconomical

routes . An accurate satellite surveillance system would insure

the present level of safety , permit fuel efficient use of the

oceanic airspace for the airlines , and make possible a reduction

of oceanic ATC Centers.

4
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2.2 POL ICY, PLANS AND EXPERIMENTS

Studies have been under way , from the time the decision was
made to use HF, to overcome the fundamentall y poor pr opagati on
proper t i e s  associated wi th  the use of HF for oceanic air traffic

control and other oceanic communications. However , prior to the
availability of space technology , the lack of any rea sonable
alternative precluded any serious at temp t to correct those widely

recognized deficiencies.

In the early 1960’s, the FAA and othe r agencies , including
concerned international agencies , began to explore the pos-

sibilities of using satellite technology applied to oceanic ATC ,
in order to eliminate the deficiencies of HF communications , and
satisfy projected increasing demands for reliable and higher

capacity oceanic communications . Some of the more important

historical events include the following :

a. September 1968: The International Civil Aviation Organiza-

ti on (ICAO) became respon si ble for stati ng the pos iti on
of International Civil Aviation with respect to applica-

tions of space technology .

b. November 1968: First meeting of a new Applications of

Space Techniques Rela ti ng to Av iati on (ASTRA) Panel ,
sponsored by the ICAO Air Navigation Commission .

c. January 1971: The White House Office of Telecommunica-

tions Policy (OTP) stated that the U.S. Government would

uti lize commercial telecommun ication fac ilit ies to the
max imum extent feasible , transferred the basic U.S.

respons ibility for AEROSAT from NASA to the FAA , and
establ ished the Governmen t ’s policy to promote the use

of L-Band , the UHF frequency near 1600 MHz.

d. April 1972: The International Air Transport Association

( IATA) made a p r e s e n t a t i o n  to the  ICAO Seventh  A i r
Navi gation Conference in which it recommended that the

L A
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objectives of any developmental program should include
among others:

1. “Eva lua tion  of the p r o p a g a t i o n  c h a r ac t e r i s t i c s  of the
chosen frequency band(s).

2. Evaluation of alternative modulation techniques and of

technica l and operational performance of voice and

data communications .

3. Assessment of the performance and characteristics of

aircraf t installation.

4.  D e t e r m i n a t i o n  of optimum t echn iques  of m a n a g e m e n t  of
voice and data communication channels and of the

sys tem con t ro l .

5. Limited trials of the use of satellite channels in the
chosen ATC and operational control environments to

• evalua te operationa l applications .”

e. January 1973: U . S . ,  ESA and Canada work ing  group reached
agreement on the draft of the MOU and an AEROSAT Perform-

ance Specification .

f. May 1974: The FAA Signed the AEROSAT MOU for the U.S.
fol lowed by ESA and Canada in August 1974.

Along w i t h  the above deliberations of purpose and policy , aero-

nautical satellite communications experiments were conducted by

the U.S. DOT and the European Space Agency .

In May 1971 , the U.S. DOT Transportation Systems Center (TSC)
conducted L-Band balloon experiments on the West Coast of the

United States. During September-October 1971 , TSC joined
ESA for another series of L-Band balloon experiments in
Southern France. Under FAA sponsorsh ip, the Boe ing Commerc ial
Airplane Co. also conducted a series of L-Band  p r o p a g a t i o n  experi-
ments with the NASA ATS-5 satellite from August 1969 through l9 2.

However , the ATS-5 satellite started spinning unstably shortly

after launch , wh ich reduced the utili ty of the satell it e for the
proposed ATC and communications experiments.
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Thus , with a projected AEROSAT launch for 1979-80 , the ATC
experimentation and evaluation with the NASA ATS-6 satellite con-

- stituted a chronolog ical p ivotal point in terms of the availabil ity

• of experimenta l data for the AEROSAT system des ign and test plan-

ning as well as for the development of satell ite concep ts for

CONUS ATC appl ications .

H
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3, OBJECTIVES

The general objec tives of the Air Traffic Control (ATC)

experiments and evaluations with the NASA Applications Technology

Satellite , ATS- 6 , were to acquire satellite ATC system design
dat a and to demonstrate direct and reliable aeronautical communica-

tions over the oceanic air routes for the purpose of establishing

a positive control oceanic ATC system.

The oceanic ATC communications experiments with the NASA

ATS-6 s a t e l l i t e  were conce ived and des igned to be a valuab le
precursor to the AEROSAT program , which is designed to provide
demonstration test data for a satellite-based oceanic ATC system .

The above general objec t ives focused upon two ma jor
activities with specific tasks and objectives :

a. Aeronau tical Technology Tests

b. ATC Demons t ra t ion  Tes t s .

3.1 THE AERONAUTICAL TECHNOL OGY TESTS

The ob jec t ives  of the aeronautical tes ts and exper imen ts w ith
the NASA Applicat ions Technology Sa tellite , ATS- 6, were to provide

the communications technology base for the forthcoming AEROSAT

program . The satellite communications technology base was re-

qui red  to e s t ab l i sh  a d i rect  and r e l i a b l e  communica t ion  l i nk  v i a
a geos ta t iona ry  s a t e l l i t e  t ransponder  between the oceanic ATC
ground station(s) and the aircraft flying over oceanic airspace.

The bulk of the t echn ica l  e f f o r t  dea l t  w i t h  the communica t i on  l i n k
between the satellite transponder and the aircraft . The reasons
for this are that the avionics , especially antennas , are constrained

in size and cost , and have to operate with communication chan-
nel geometry which varies as a function of flight route and
a i rcra f t flight dynamics. The satellite-ground station(s) link

involves technology as exemplified by various commercial satellite
communicat ions systems which support communication s between two

fixed ground stations and which can utilize fairly large antennas.

9
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Below are l isted s ome spec if ic ob jectives of the aerona uti cal
technology tests.

3.1.1 Propagation Tes ts
a. Oceanic Mul t i pa th  -

The ATS-6 aeronautical tests were designed to provide narrow

band* c h a r a c t e r i z a t i o n  of the oceanic c o m m u n i c a t i o n  chann el , and to
obtain comprehensive data regarding the effects of multipath on

the aircraft-satellite link. (The multipath noise interference

effects are those unwanted signals which originate at the source

and impinge on the receiver after they are reflected and distorted

by the earth ’s surfaces within the channel geometry.) Test probes

of the oceanic mult ipath med ium were conducted on e ighteen occa-
sions , cover ing a range of aircraft-spacecraft elevation angles

from 3° to 32° and a variety of North Atlantic sea conditions .

One of the objectives of the multipath tests was to compare the

results with pred ict ions based on a Gauss ian sc atte r model as
applied to a very rough surface. In addition , the data was used
to validate an electronic analog instrument capable of simulating
the narrowband oceanic channel.

b.  CONUS Mul t ipa th  -

The objec ti ve of the CONUS multipa th tes ts w ith the NASA
ATS-6 aeronautical communications experiment was to provide

w ideband* channel characterization , and obtain multipath data over

the continental U.S. in support of advanced CONUS ATC system

concep ts of the post-1990 period , wh ich involve satellite

techni ques of communication and surveillance .

CONUS multipa th data comple te the charac ter i za tion of the
satellite-aircraft channel , which is needed to suppor t sys tem
specifica tions , espec ially aircraf t posit ion loca tion, contained
in the concep ts developed for future sa tell it e based Advanced
A ir Traff ic Managemen t Sys tems (AAT MS), Repor t No. DOT-TSC-OST-

7 5 -3 2 .

WTypically 100 KHz for narrowband and 10 MHz for wideband .

10 
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3.1.2 Avionics Tests

a. Modulation and Demodulation

A major objective and corresponding effort of the ATS-6 aero-

nautical communication tests was to evaluate various modulation

and demodula tion techniques for the transmission of voice , digital

data and ranging signals to and from aircraft via the satellite.

This objective included equipment performance evaluation of

sev eral candidate approaches to vo ice , di gital data and ranging

modems.

b. A ircraft Antenna

In a sa tellite based ATC sys tem , the design of the avionics
segment offers the most challenge and promises the largest payoff

of a l l  the se gments of the sys tem , when the variety and size

of the aircraft population is cons idered. The aircraft antenna

is a major comp onent of the av ionic s de sign. Since the satellite-

aircraf t channe l has a limited power budget , the antenna mus t p ro-

v ide suff ic ient ga in over the required coverage area re gardless of
aircraf t attitude and motion and , at the same time , be relative]y
small and easy to install or retrofit. In view of the above , the
aircraft antenna test objectives included the exploration and

— 
testing of advanced high gain (10 dB) antenna designs , as well as
available lower gain designs. The technical objectives of the
antenna tests were to determine gain and multipath interference
over a range of satellite elevation and relative bearing angles .

3.2 ATC DEMONSTRATION TESTS

The objec tive of this effor t was to demons trate and evaluate
bas ic capabilities and operational concepts of a satellite com-

munica tions system in the oceanic ATC environment . Specifically,

the ATC demons trat ion objec tives were:

a. To demonstrate satellite supported direct communications

of vo ice , data , ranging and posi tion loca ti on be tween
test aircraft and an experimental oceanic ATC ground
terminal .

11
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b.  To expose operating oceanic ATC controllers to voice com-
munications with aircraft via the ATS-6 satellite .

c. To demonstra te  the a i r c r a f t  pos i t ion  locat ion func t ion
of the NASA PLACE equipment.

d. To explore equipmen t configurations , interfaces and dis-
plays of aircraft position tracking on the oceanic

ATC console.

12
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4.  TEST DESCRIPTION AND RESULTS

The operations plan for the ATS-6 integrated L-Band experi-

ment was wri tten by NASA Goddard Space Fl ight Center (GSFC) on the
bas i s  of inputs  submit ted  by each p a r t i c i p a n t  and conta ined  in
the separate plans of experimentation and evaluation .

NASA-GSFC was the focal point for the operation of all the

ATS-6 experiments in term s of spacecraft operation and satellite

terminal communica tions faciliti es , while the individua l partici-
pants were entirely rc ‘,onsible for the conception , design , and
con duc t of each exper i ~nt.

4 . 1  PA RTICIPANTS AND LOG I STICS

The par ti cipating organizations and functions listed in

Table 4-1 are an indication of the international nature as well

as the complex logistics of the experiment.

The pic torial representation in Figure 4-1 shows the NASA
ATS-6 experimental satellite and the L-Band antenna pattern of the

satellite-aircraft communication link . The spacecraft antenna is

a thirty foo t diame ter parabola , which is steered to i lluminate
— any desired area within view of the satellite . The smaller

s a t e l l i t e  to the far left is the  ATS-5 , wh ich was used toge ther
w i th  the ATS-6 to demonstrate the surveillance function of the

NA SA/PLACE equipment.

The FAA experiments required also the use of U.S. Air Force
Bases in Lajes , Azores and Loring , Maine. During the

demonstration experiments , various aviation community offices were

l inked to FAA/NAFEC for the voice communications tests through

ATS-6 satellite. One of those l i nks  involved the FAA KC 13 S test
aircraf t , 20 00 miles eas t of NYC , and the New York ARTCC . To

suppor t multipath measurements ma de by a i r c r a f t  over the  ocean ,
DOT/TSC made use of a sea s ta te  measur ing  buoy , developed by the
U.S. Navy Underwa ter Sound Laboratory in New London , Connecticut

and opera ted by TSC personnel  aboard the U . S . C . G .  Cu tter G a l a tin .
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The link configuration of the DOT/FAA experiments is portrayed

in Fi gure 4 - 2 , and the d e m o n s t r a t i o n  sys t em c o n f i g u r a t i o n  of the  ATC

experimentation and evaluation tests is given in Figure 4-3.

FAA/NAFEC and the DOT/Transportation Systems Center enlisted

the suppor t of various organizations from the private sector for

anal y tical suppor t , for  the prepar ati on of spec ial commu ni ca ti on s
equipment and for the execution of the ATC experiments. A partial

list includes:

Boeing Washington

CNR Inc . Massachusetts

Ste in Assoc iates Massachuse tt s
Magnavox Research Cal ifornia

Lab
Bell Ae rospace New York
Ball Brothers Colorado

Boeing Commercial Airplane Co. was the primary sys tem tes t

contrac t or to TSC for the ATC Technology exper iments , with
personne l assigned to the FAA test aircraft and NASA/ROSMAN satel-

lite ground station. Personnel from FAA-NAFEC performed the ATC

demons tra tion tes ts and manned the tes t aircraf t, as wel l  as the
NAFEC Ground Terminal.

4 . 2  THE TEST PLANS

The U.S. aeronautical ATS-6 L-Band experiment test plan was

developed under the direc tion of the DOT/ FAA and consis ted of
two parts:

a. Aeronautical technology test plan prepared by the

Transpor tation Sys tems Center

b . ATC demonstrations test plan prepared by FAA/NAFEC.

The tes t plans described in de tail all componen ts of each
experiment as follows :

1. Type of e x p e r i m e n t

2. Objectives and rationale

16
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4.

3. Frequ ency p lans , power levels , and ATS-6 an tenna
re quiremen t

4 .  A i r c r a f t  base of opera t ions  and f l i g h t  schedu le

5. Ground stat i ons and personnel  p a r t i c i p a t i o n

The tes t  plans conta ined  s p e c i f i c  data  r educ t ion  and anal y s i s
procedures  for  the eva lua t ion  of the  t e s t  r e s u l t s .  Q u i c k - l o o k
procedures were i n s t i t u t e d  to interact with the experiment in

progress , in order to sa feguard  a g a i n s t  c o s t l y  t e s t i n g  w i t h o u t
o b t a i n i n g  use fu l da ta .

The DOT /FAA tes t  p l ans  were des igned  to insure  tha t  each
expe r imen t  would have s u f f i c i e n t  t e s t i n g  t ime , so t ha t  the da ta
and the r e su l t s  would p e r m i t  f u l l  c h a r a c t e r i z a t i o n  of all  para-
m e t e r s  of i n t e r e s t .  Care was exe rc i sed  to c o r r e l a t e  the da ta  of
each exper iment  wi th  the performance of the communication channel.

This concern is especially applicable to the interaction of multi-

pa th  i n te r f e r e n c e  w i t h  the  vo ice  and da ta  modems w h i c h  wece
extensively tested under the technology program . For t h i s  reason ,
two types  of t e s t s  were  p e r f o r m e d .  Type I t e s t s  de t e rmined  sys t em
performance w ith signals as received by the avionics and antennas

under test. Type II tests evaluated system performance by control-

ling the level of mul tipath interferen ’-~ mixed with the direct

satellite si gnal. The interfe rence si gnal was obtained from a

separate aircraft antenna looking down toward the ocean and

rece iv ing onl y the multipath si gnal.

Voice modem evalua tions were accomplished by performing

intelligibility scoring of the voice recordings made over the

aircraft-satellite channel. CBS Technology Center performed the

voice intelli gibili ty scoring under contract to DOT/TSC.

4.3 TEST DATA AND RESULTS

A l l  ob jec t ives  of the ATS- 6 A e r o n a u t i c a l  S a t e l l i t e  t e s t s  were
accompl i shed . In te rm s of tes t  data t i m e  as shown in Table 4-2 ,

over 300 hours of actual test time were logged with the ATS-6

satellite vs. 276 hours budgeted with NASA during the planning

19 
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TABLE 4 - 2 .  ATS-6 AERONAUTICAL SATELLITE TEST TIME

PLANNED ACQUIRED
TEST NAM E DATA (HRS ) DATA (FIRS )

Checkout 4 36

TECHNOLOGY TESTS

MULTI PATH

- Oceanic 19 18

- CONUS 20 2 5

MODEMS

- Voice 35.3 31.3

- Data 32.6 27.3

- Voice and Data 6.9 6

- Ranging 13.8 11.3

ANTENNAS 3.5 9

ATC DEMONSTRATION

- Voice Only 36 36

—— 
- Data  Only 36 36

- Voice and Data  36 36

- 2 S a t e l l i t e  Pos i t ion  9 25
Det.

- Joint D e m o n s t r a t i o n  24 16

(FAA , ESA , and
(CANADA) 

_____ _____

TOTALS 2 7 6 . 1  312 .9

_  _  

,1____ _
~

_ __ 
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ph ases.  In  many cases , several t ests were con duc te d s imu l t a n eou s l y ,
e.g. , a l l  d igit al da ta modems (5)  were  t e s t e d  s i m u l t a n e o u s ly  over
the link under the same parametric conditions . This enabled a

direct and valid comparison of the pe r fo rmance  of compet ing  tech-
niques for the AEROSAT system . Accounting for simultaneous testing ,
well over 1000 hours of satellite communications technology data
was acquired in the DOT/FAA ATS-6 experiments .

The important conclusions of the ATS-6 Aeronautical Satellite
tests are highlighted below . A detailed technical summary of
all data , analysis and conclusions appears in Volume III of this
report. Volume II covers the ATC demonstration tests and Volumes
IV through VII contain the details of the aeronautical technology
tests -

4 . 3 . 1  The A e r o n a u t i c a l  Technology  Tes ts

The data and r e s u l t s  of the  ATS - 6 a e r o n a u t i c a l  t e c h n o l o g y
t e s t s  p r o v i d e  the t e c h n o l o g y  base e n a b l i n g  e q u i p m e n t  s p e c i f i c a t i o n ,
desi gn of sys tem conf i g u r a t i o n s , and v a l i d  p e r f o r m a n c e  p r e d i c t i o n s .
Furthermore , the ATC operational evaluations with ATS-6 satellite

provide the insight for preparation of test plans for conducting

operational tests with AEROSAT. The ATS-6 test results are a

first step in acquiring a technology data base helpfu l to further

COI ’~US ATC s a t e l l i t e  concept  deve lopment  and g u i d e l i n e s  fo r  f u t u r e
tes t  p l a n n i n g . Some s a m p l e  data  and s p e c i f i c  r e s u l t s  of the FAA
t echno logy t es t s are  g iven b e l o w .

a .  Ocean ic  M u l t i p a t h  -

A summary of meas u red ocean ic mu l ti pa th parameters is pre-

sented in Table 4-3. The results of the multipath measurements

and analys is experimentally verified the Gaussian scatter model of

the satellite to aircraft channel. This enables the complete

charac terization of the narrowband oceanic aircraft-satellite

• channel statistics by means of the delay-Dopple r scatter function ,
-
• which represents the power spectral density of the multipath signal ,

21
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a r r i v i n g  a t the a i r c r a f t  rece iver  w i t h  delay and Dopple r
shift . Multipath test data further validated the electronic

analog mul tipath channel simulator facility at the Transportation

Systems Center in Cambridge . This electrical analog channel simu-

lation instrument can , therefore , be used rel iably for laboratory

testing of multipath effects on modems prior to field testing .

Th is process el im ina tes th e less des irab le  cand idat e mode ms and
avo ids a number of cos tly fl ight tes ts .

The mul tipath test results obtained with ATS-6 satellite
expe rimentation w ill be used in the des ign of the s ignal structure
and the avionics hardware for AEROSAT applications .

b. CONIJS Multipath-

A summary of typical values and the measured spread of

selec ted CONUS multipath channe l parameters is given in Table

4-4. Several delay-Doppler scatter function time histories were

obtained as the aircraft traversed variable terrain conditions .
These data indicate a high degree of multi pa th r e f l e c ted s ignal
strength variation . In general , the level of the multipath re-

turn was far below that of oceanic reflections (< 10dB). Ove r

large lake regi ons , multipath signal levels were comparable to

those experienced over the ocean. It may be concluded that

over wa ter reflections are a wors t case mul tipa th as s umption for
the CONUS satellite aircraft channel. CONUS multi path data obtained

dur ing aircraft approach and landing indica ted lar ge s ignal to
interference (S/ I) degrada tion attributed to s teep ai rcraf t
banking maneuvers. Under these conditions the lower hemispherical

multipath rejection properties of the antenna were negated. Also ,

du ring aircraft taxi maneuvers on the ground , significant amplitude

fluctuation was observed , which is attributed to building shield-

ing and aircraft orientation . Owing to the preponderance of

mul tipath level variations , it was not poss ible to obtain adequate
statistical averages of the multipath parameters. Satellite com-

munications system concepts for the CONUS ATC will , therefore ,
r e q u i r e  add i t i o n a l  m u l t i p a t h  da ta  in order  to c h a r a c t e r i z e  the

o v e r l a n d  mul t i p a t h  c h a n n e l .
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c. M o d u l a t i o n/D e m o d u l a t i o n -

Techniques  of m o d u l a t i o n/ d e m o d u l a t i o n , e x e m p l i f i e d  by a
number of voice , d i g i t a l  data  and ranging  modems , were t e s t e d
dur ing the ATS-6 L-Ban d exper imen t .  The data and the  t e s t
resu l t s  are summar ized  separa te ly  for  each modem ca tegory .

1. Voice Modems

A summary of voice modem pe r fo rmance  is con ta ine d in  the
i n t e l l i gi b i l i t y  curves of Fi gure 4 - 4 .  The curves shown are
a c t u a l l y  best  f i t s  to expe r imen ta l  data ob ta ined  over several
m o n t h s  of var ious  test  condit ions . The r e su l t s  show t ha t  a l l
modems except one * achieved an i n t e l l i g i b i l i t y  score in excess —

of 70 percen t , u s i n g  a p h o n e t i c a l l y  balanced (PB) word l i s t , a t
a channe l qualit y of 43 dBHz , which is the min imum level  s p e c i f i e d
for the AEROSAT communications link. The Hybrid I voice modem

achieved a score in excess  of 70 percent  word i n t e l l ig i b i l i t y
at 40 d B H z .  The 70 percent  score is equ iva len t  to r ece iv ing ,
cor rec t ly , 95 pe rcen t  ATC sentence messages .

The Adap t ive  D e l t a  Voice M o d u l a t i o n  (ADVM ) modem was
tested using two detection options , one d ig i tal and the other
analog . Test results indicate that the analog is superior to

— I the dig ital detection scheme. The ADVM modem , in the ana log
mode , ranked second among the voice modems tested .

The most significant results of the voice modulation experi-

ment are obtained with type II tests which showed that voice
intelligibility degradation is not detectable with S/I ratios as

low as 3 dB.

2. Digit al Da ta Modems

D i g i t a l  da ta  mo lem r e su l t s  are found in a ser ies  of curves
contained in Volume VI of this report under Modem Evaluation

*The specific older design adaptive narrowband frequency modula-
tion (ANBF!4) modem showed inf•rior performance.
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Figu re  4 - 4 .  Summary Compar ison  of Voice Modem Per fo rmance , Type
I Tests
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Test , Volume V I .  A s ample curve is shown in F igure  4 - 5  which
clearly shows the degradation of modem performance with decreasing

signa l to i , .ce r fe rence  values obtained dur ing  type I I  t e s t s .

Five digital data modezns,each o p e r a t i n g  at 1200 b i t s  per
second (BPS) , were eva lua ted  simultaneous ly in terms of average
bit-error-rate (BER) and burst error behavior. During the type I

tests  us ing a t h r ee-e l emen t  s l o t -d ipo l e  antenna sys tem , which has
r e l a t i ve ly  hi gh mu l t i p a t h  r e j e c t i o n , all  modems met  the AEROSAT
system spec if ica tion of 10’~ error p r o b a b i l i t y  at C/ N 0 = 43 dB Hz.
Wi th this antenna system , the resul ts showed tha t the e f f ec ts of
mul tipath were not pronounced for the test conditions experienced.

However , dur ing type II  tes ts , as the niulti pa th levels increa sed ,

the BER performance of all data modems degrades severely, and in
terms of burst error behavior , error bunching occurred as a resu l t
of multipath fading. In this case , in order to maintain a speci-

fied l0~~ er ror p robab il ity at the 4 3 dBHz power level , error
correc tion cod ing or mul t ipa th toleran t modem des ign appears to be
a requi rement .

3. Ranging Modems

Range measurements between ground station and aircraft , via

s a t e l l i t e  t ransponder , cons t i tu te  the technology base l ine  for
the implemen ta t ion  of a s a t e l l i t e  survel lance system for  oceanic
ATC. The rang in g mode m tes ts were desi gned to provide pos iti on
d e t e r m i n a t i o n  per formance  in terms of one way r e l a t i v e  range
error.

Two d i f f e r e n t  ranging modems were desi gned and tes ted , the
TSC di gital tone modem operating on clock frequencies of 19.53 kHz
narrowband , 156.25 kHz wideband , the NASA/PLACE modem opera t ing  on
a clock frequency of 8.6 kHz , narrowband only . N o t w i t h s t a n d i n g
certain equipment difficulties , the test results indicate that in
the narrowband mode , at  C/No = 43 dBHz , t y p i c a l  RNS one way range
errors , Ia, were : TSC modem 100 meter~,s; NASA modem 276 meters.
I n th e wideba nd mode , the R!i4S error was roughly 30 meters for
the TSC modem. The cur ren t  AEROSAT sys tem design goal c a l l s
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for  one way rang ing  RMS e r ror , la , of 50 mete rs  at C/N 0 = 43 d B H z .
Thus , the AEROSAT ranging  modem would have to be des igned  w i t h
s ome care and perh ap s use multipath tolerant desi gn techni ques.

d. Aircra ft Antennas-

Several d i f f e r e n t aircr af t an tenna typ es wer e ev alua ted
during the ATS-6 test program. The p r inc i pal an tennas  were :

1. Sl o t -d i pole antenna - deployed  as a sys tem giving n e a r l y
hemisphe r i ca l  coverage with minimum 4 dB gain. The 3-

element slot-di pole system tested consisted of one ele-

men t in each of the wing root fairings , and one on the

top center line with switch selection of the appropriate

an tenna .

2. Elec tronically steerable Inicrostrip phased array - t h i s
is an 8-element linear array conformally mounted on the

surface of one s ide of the aircraf t and gi v ing coverag e

to tha t  side . Peak gain for this antenna exceeds 12 dB .

More than one array is necessary  for f u l l  coverage.
This antenna was designed for receive only operation .

3. Microstrip element (“patch”) - this s i n g l e  m i c r o s t r i p
elemen t was mounted forward on the top center line sur-

face to provide coverage in the forward direction.

The antenna parameters of interest in this application are
the antenna gain and the signal-to-interference ratio (S/I) which
indicates r e j e c t i o n  of m u l t i p a t h  i n t e rf e r e n c e .

As a representative sample of the results obtained , Figure
4-6 shows gain for the 3-element slot-dipole system and indicates
the margin by which this system exceeds the 4 dB minimum gain
specified for AEROSAT . In addition , the experimental data with
this antenna showed very good multipath rejection of 15 dB or
greater for geometries typical of oceanic applications.
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The microstrip phased array antenna and the single element
micros t r ip  “patch” antenna were tested in the rece ive-only  mode .
The phased array is a higher cost antenna system of higher perform-
ance with integrated values of gain mostly greater than 10 dB and
consistently good multipath rejection (>20dB) within the designed
coverage region .

The single element microstrip “patch” was placed on the
aircraft so as to provide coverage in the forward direction at
medium elevation angles. The limited data collected shows the
expected low gain and high multipath rejection for an element in
this location. This small , rather inexpensive element features

s imple , confo rmal i n s t a l l at i o n  on the aircraft surface.

Of the antenna types tes ted , the three-element group of

s lo t -d ipoles is considered a s a t i s f a c t o r y  ba se l i ne  r e f e rence
a n t e n n a  for AEROSAT applications . The other antennas make use

of advanced micros trip elemen ts with inheren t advan tages of low
f a b r ica tion co st and ease of ins ta l la ti on , even in complex

array configurations. This developing technology has additional

potential benefits in possible reductions in satellite and

av ionics cos t s.

4.3.2 ATC Demonstration Tests

The ATC demons tra ti on sys tem fe atured sa te l l i te suppo rted
real t ime vo ice , dig ital data , and ranging communica ti ons be tween
test bed aircraft and an experimental oceanic ATC ground terminal.

Satellite channel voice communication was also established between

the KC-]35 test aircraft and various aviation community offices
through the NAFEC ground terminal telephone provisions . One such

voice communication involved an operating oceanic air traf-

fic controller at the New York Air Route Traffic Control Center

(ARTCC). In h is words , “that was the bes t commun i ca t ion I have
had in my four years exper i ence work ing oceanic a ir t raff ic
control.” Data communication at the KC-135 aircraft and the NAFEC
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ground term inals were of good quality and reliability for both
aircraft position polls and text message categories.

Using the NASA PLACE receiver equipment , three independent

surveillance demons trations were accomplished. The NASA projec ted
position fix accuracy of 2 kilometers was not realized. Current

work at NASA/GSFC has resulted in software programs which will im-

prove considerably the satellite ephemeris data and thus reduce one

error component in the aircraft position location measurements.

The demonstration did successfully implement equipment configura-

tions and interfaces for displaying on the oceanic ATC console

two dis tinc t me thods of a ircraf t pos it ion loca tion wh ich are
applicable to the surve i llance func t ion :

a. Aircraft position reports derived from on-board INS

equ ipmen t

b. Pos ition information derived from ground equipment

using aircraft-satellite ranging data.
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5. ACCOMPLISHMENTS AND CONCLUS IONS

- The DOT/FAA ATC experimentation and evaluation tests with the

NASA ATS- 6 satellite have produced data and results which are a

valuable communication technology base for the aviation community .

Volumes II through VII of this repor t have been w idely disseminated
to Federal agencie s and departments , avionics manufacturers ,
various universities and international organizations. The multi-

pa th da ta , in particular , has found immediate application by system

development organizations responsible for the NASA Telemetry and

Data Relay Satellite System and the DOD NAVSTAR Global Positioning

Satellite System.

The multipath channel simulator instrument developed by

DOT/FAA and val idated by the ATS-6 experiment has been used by

French , Canadian and U.S. organizations in modem testing for the

AEROSAT system.

The accomp l ishments of the ATS-6 FAA experiment are :

a. Acqu isition of technical data fundamental to the desi gn

of Satellite ATC systems.

b. Test and rating of L-Band components suitable for

aeronautical services. The results of these tests have

been utilized directl y in prepar ing spec i f ica ti ons for
procuremen t of avionics test hardware for AEROSAT.

• c. Valida tion of laboratory simulation models for synthe-

s izing propaga tion phenomena. Sc ientists and eng ineers

• can now obtain reliable knowledge on multi pa th propaga-
tion using labor atory s imula t ion w i thout resor t ing to

• costly fli ght tests.

d. Demonstrat ion of p i l o t /con t r o l l e r  commun i ca ti on s and
surveillance in satellite ATC systems. These tests

were forerunners of the planned AEROSAT evaluation tests.

The procedures tested and the expe rience ga ined are
bene ficial to the preparation of international test and

evalua tion plans for oceanic ATC experiments with

satellites .
33
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e. Demonstration of the advantages of a coordinated USCG ,
ESA and FAA e f f o r t  using sa te l l i tes  to in terconnect
widely dispersed aircraft and ships m a  search and
rescue operat ion.  The usefulness of sa tel li t i e s  in con-
junction with emergency notification procedures was
borne out in demonstrating significant reduction in the
distress alerting interval.

f. Participation in an international and interagency co-
ordinated experimental and technology sharing program .
The results of these experiments are of direct interest
to the following : International Civil Aviation Organ-
ization (ICAO), International Telecommunication Union ,
International Radio Consultative Committee (ITU/CCIR),
In t e rna t i ona l  Union of Radio Science ( U R S I ) ,  and , the
Advisory Group for Aerospace Research and Development
(AGARD) under NATO.

In conclusion , the AT S-6 exper imenta l  program has provided
a substantial technology data base for use in the design and
planning of aeronautical satellite systems for both oceanic and
CONUS application. Equipment designs have been tested and
validated , demonstration of satellite-based air traffic control
procedures for oceanic use have been carried out , and special-
purpose equipment and techniques have been developed for use
in future CONUS ATC concept experiments . Thus , the program
has successfully provided a solid technical and operational
foundation for future developments in satellite-based ATC systems.

400 Copies
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